Stress affects learning and memory processes and sensitivity to stress greatly varies between individuals. We studied behavioral and neurobiological effects of unpredictable subchronic stress (USCS) in two behavioral extremes of mice from the same strain (CF1) selected by their exploratory behavior of the central arena of an open field. The top and bottom 25% explorers were classified as low exploratory (LE) and high exploratory (HE) mice, respectively. The open field task, the novel object recognition task (NOR), sucrose intake and tail suspension task were evaluated in LE and HE groups exposed to USCS for two weeks or control conditions. Also serum corticosterone and hippocampal BDNF and S100B levels were analyzed. Both stressed groups exhibited less exploratory activity when submitted to USCS, but their difference in exploratory behavior remained. This short stress protocol did not induce changes in sucrose intake or immobility in the tail suspension task. Also, LE mice exhibited impaired NOR performance after USCS, whereas HE mice changed their pattern of exploration towards less exploration of the familiar object. HE had lower corticosterone levels than LE mice, but corticosterone levels increased after stress only in HE mice. Hippocampal BDNF in LE was lower than in HE but decreased after USCS only in HE mice, whereas S100B levels were not different between groups and did not change with USCS. In conclusion, our results suggest that individual differences in exploratory behavior in rodents from the same strain influence cognitive and biochemical response to stress.
Distinctive effects of unpredictable subchronic stress on memory, serum corticosterone and hippocampal BDNF levels in high and low exploratory mice Vanessa 
Introduction
It is widely known that stressful events can affect learning and memory [4, 8] . Moreover, stress affects differently the pathways involved in learning and memory, such as encoding, consolidation and retrieval [16, 19] . The effects of stress on memory depend critically on the timing and frequency of exposure to the stressors as well as the environment or context in which they occur [36] . Furthermore, sensitivity to stress varies greatly between individuals [26] .
Glucocorticoids (GCs) are hormones that coordinate the stress system and the ability of an organism to cope with stress [8] . These hormones easily cross the blood brain barrier and subAbbreviations: GCs, glucocorticoids; HE, high exploratory; LE, low exploratory; OF, open field; USCS, unpredictable subchronic stress.
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sequently interact with their specific intracellular receptors, i.e. glucocorticoids and mineralocorticoids receptors, in different brain areas related to cognitive processes [26, 30] . It is still controversial whether the effect of these hormones is positive or negative on memory and learning processes [16, 36] . In a study in rodents, exogenous GCs facilitated memory consolidation [8] , whereas retrieval processes were impaired after high levels of GCs administration [26] . Moreover, a study by Scaccianoce et al. showed that animals with high levels of corticosterone presented superior performance in a learning paradigm [31] . However, a study from Luine et al. showed that some rats submitted to corticosterone treatment had their learning performance impaired, whereas other corticosterone-treated rats showed no change on radial maze task performance [22] . These examples illustrate individual differences in vulnerability to stress hormones and subsequent effects on cognitive processes [12, 24, 38] . Neurotrophins, as brain-derived neurotrophic factor (BDNF) and S100B, are important molecules that regulate development, maintenance, and function of nervous system [15, 23, 31] . BDNF plays a 0166-4328 © 2010 Elsevier B.V. doi:10.1016/j.bbr.2010.11.030
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pivotal role in the structure and function of hippocampal neurons and are important mediators of corticosterone actions in the hippocampus [14, 33] . Stress-induced elevation of GCs is accompanied by reduced expression of BDNF, structural changes and neuronal damage in the hippocampus subfields [39] . The calcium-binding protein S100B, an astroglial-specific neurotrophic factor produced primarily by glial cells, has been largely used as a parameter of glial activation and/or death in several conditions of brain injury [20, 41] . S100B has also been related to memory processes, as shown by Donato [11] . Interestingly, S100B-deficient mice exhibit enhanced spatial and fear-associated memories. In addition, S100B serum levels were found increased in rats subjected to stress [11] . Restraint stress has been shown to increase serum S100B levels in control and in adrenalectomized rats but not in corticosterone-injected rats, indicating a relationship between stress and S100B that is independent of glucocorticoids [32] . Also, Schulte-Herbrüggen et al. found that hippocampal BDNF was significantly increased (+53%) in S100B KO mice compared to wild-type mice, suggesting their interaction to maintain the neurotrophic tone in the hippocampus [35] .
In a previous study, our group has characterized two behavioral extremes of mice according to their exploratory behavior in the open field (OF) task: low exploratory (LE) and high exploratory (HE) mice [18] . HE mice show less anxiety, more aggressive behavior against intruders, higher avoidance to conditioned punishment (electric foot-shock) and better performance in a maze with positive reinforcement (food) when compared to their LE counterparts [18] . Since these LE and HE mice phenotypes have different behavioral characteristics, they might also respond differently to stress conditions. Unpredictable subchronic stress (USCS) is an experimental model that simulates human daily stress by applying various kinds of stressors at different times of the day, producing significant changes in behavior and cognitive processes [40] .
Individual differences in behavioral and biological responses to stress have been poorly studied in animal research. In particular, little is known about the early effects of stress on cognitive tasks and neurobiological parameters without the development of depressive state. If a depressive state is fully developed, it is not possible to differentiate if neurobiological or behavioral changes reflect a stress response or are secondary to this depressive state. Therefore, the aim of the present study was to evaluate the effect of a relatively short course of USCS (two weeks) in LE and HE mice on: (i) exploratory and locomotor behavior in the open field task, (ii) on the novel object recognition task that deals with their natural ability to recognize novelties in a familiar environment, (iii) serum corticosterone levels and adrenal gland weight as stress biochemical parameters and (iv) hippocampal BDNF and S100B levels to evaluate neurotrophic tone.
Materials and methods

Animals
Eighty male albino CF1 mice (60 days old), weighting approximately 35-40 g, were obtained from State Foundation for Health Science Research (FEPPS, Porto Alegre, RS, Brasil). They were housed in groups of six to eight in standard conditions of temperature and humidity with a 12 h light/dark cycle (lights on at 7:00 am) and access to food and water ad libitum. All experimental procedures were performed according to the NIH Guide for Care and Use of Laboratory Animals and Brazilian Society for Neuroscience and Behavior (SBNeC). Recommendations for animal care were followed throughout all the experiments; in accordance to the project approved by the ethical committee from Universidade Federal do Rio Grande do Sul. All efforts were made to minimize the number of animals employed in the present study and their suffering.
The animals were weighed the day before the USCS starting and in the sample collection day. All the behavioral tasks were performed between 10:00 am and 4:00 pm. 
LE and HE mice selection
Eighty mice were selected into low (LE) and high exploratory (HE) mice, according to their exploratory behavior in the central area of the open field (OF), as previously described [18] . Briefly, this test was used to separate the two mice phenotypes depending on the animal's exploration in a new environment. For this, the animal was placed in an open field (50 cm × 50 cm × 50 cm) with an object (a white cylinder of 1.5 cm radius and 5 cm high) placed in the center of the arena to stimulate exploration. Exploratory behavior was video recorded for 5 min and the time spent by the animal in and out of an imaginary center square of 30 cm × 30 cm was analyzed with ANYmaze software (Stoelting, Woods Dale). From the 80 mice screened in the OF, the bottom and top 20 explorers were selected to compose the LE and HE exploratory groups, respectively. Then, LE and HE mice were randomly subdivided in two subgroups: LE and HE mice submitted to unpredictable subchronic stress (USCS), LEUSCS and HEUSCS respectively, and LE and HE mice maintained under control/standard conditions, LE control and HE control , respectively. Within LE and HE, no significant difference in baseline open-field parameters was found between those ascribed to stress or control protocols (P > 0.10). All mice remained in their home cages appropriately identified without changing housemates until the end of behavioral testing.
Unpredictable subchronic stress experimental design
Unpredictable subchronic stress (USCS) was designed according to other models of variable stress with some modifications [7, 13, 40] . The following stressors were used: (a) inclination of the home cages at a 45
• angle for 14 h, (b) 2 h of tube restraint (c), forced swimming for 3 min at 15
• C (d) social isolation (3 days), (e) overnight illumination, (f) overnight wet sawdust, (g) intermittent 0,6 mA foot-shock during 3 min, (h) food and water deprivation followed by access to an empty water bottle during 2 h, (i) pairing with another stressed mouse. Animals were exposed to only one stressor every day and in order to minimize its predictability, the protocol was carried out at different times each day. They were exposed to stressful situations for 15 days (see Table 1 for the sequence of stressors applied during all the experimental procedures). The control groups were not manipulated or stressed, other than the food and water deprivation that preceded the sucrose preference task.
At the end of the USCS protocol, LE (control and USCS) and HE (control and USCS) mice were tested according to the following schedules: Sucrose Intake on day 1; OF task followed by Tail suspension on day 2 and NOR task on days 3 and 4.
Behavioral studies 2.4.1. Open field after USCS
The 5-min open field task with a central object was performed again as described above (Section 2.2).
Novel object recognition task
Novel object recognition (NOR) task was performed in an apparatus consisting of a small black wood chamber (25 cm × 25 cm × 40 cm). Before the experimental sessions, animals were habituated to the experimental room for 60 min in dim light conditions. A light bulb was switched on during the experimental sessions, with uniform light intensity in the different parts of the apparatus. The objects were placed equidistant from two corners, 12 cm apart from the wall. Mice were placed individually in the chamber. In the habituation sessions, mice explored the apparatus during 10 min, in the absence of objects. In the training session, performed 24 h later, two similar objects unfamiliar to mice were used. In the test session, performed 1.5 h later, one familiar and one unfamiliar object were presented. The objects employed were two kinds of soda bottles with different shape and color (white and amber) presenting the same texture and size. These objects do not have ethological significance for mice. Objects were cleaned between sessions with 70% ethanol solution. Exploration was defined by directing the nose to the object at a distance less than 2 cm and/or touching the object with the nose or forepaws. Exploration time was measured with the use of chronometers by observers blind to the treatment groups. Animals that presented less than 3 s of exploration time were excluded from the experiment. Following parameters were quantified: (a) the discrimination ratio that was expressed by the ratio of the total time spent exploring the novel object by the sum of the time exploring the novel and familiar objects (discrimination ratio = TN/(TN + TF), where TN = time spent exploring the novel object; TF = time spent exploring familiar object), the ratio for the training session was calculated by the ratio between the time spent on one of the objects randomly chosen and the total time of exploration in the training session and (b) time spent exploring the familiar object during the training and test sessions in seconds (according to Bevins and Besheer [3] ).
Tail suspension
Mice were suspended by the tail using adhesive tape and an observer unaware of the group being tested recorded immobility time for 10 min (adapted from Ref. [37] ). The immobility time was defined as the total duration that animal showed no movement and is considered a measure of helplessness.
Sucrose preference task
Mice were first habituated to consume a palatable 2% sucrose solution over a 2-day period after the selection and 4 days before the USCS protocol. Two bottles, one with water and another with sucrose solution were available during 24 h. The sucrose preference test was carried out in the day after USCS protocol ended. After a 12-h food and water deprivation, mice were tested singly housed with both sucrose and tap water bottles and allowed to consume water and 2% sucrose solution for 2 h. The bottles were weighed before and after the test. The sucrose intake changes and water intake changes were defined as the differences between the final and the initial volume values (adapted from Ref. [7] ).
Samples collection
One day after the end of the behavioral experiments, all animals were decapitated and trunk blood was collected within 2 h between 10:00 am and 12:00 pm. Samples were collected among the four groups (LE and HE control and USCS groups) to avoid any substantial time lag in samples collection. The left adrenal gland of each mouse was removed and subsequently weighed. Mice brains were rapidly removed on ice and dissected for hippocampus isolation and homogenized in phosphate buffer solution (PBS) consisting of 100 mM Tris/HCl, pH 7, containing 2% bovine serum albumin (BSA), 1 M NaCl, 4 mM EDTA·Na2, 2% Triton X-100, 0.1% sodium azide and protease inhibitors (Sigma). Samples were stored at −20
• C until analysis.
Determination of serum corticosterone
Total serum corticosterone concentration was determined by double antibody radioimmunoassay (Immuchem 125I Corticosterone Kit; ICN Biomedicals, Inc., Costa Mesa, CA) according to the manufacturer's instructions. The sensitivity of the measurement was 7.7 ng/mL. The intra-and inter-assay coefficients of variation were 7.1% and 9.5%, respectively. The results are presented as ng/mL.
Determination of hippocampal BDNF levels
BDNF levels in the hippocampus were measured by anti-BDNF sandwich-ELISA, according to the datasheet from Millipore kit (Chemicon, USA). Microtiter plates (96-well flat-bottom) were coated overnight with samples (diluted 1:2 in diluent buffer) and reference curve standards (ranging from 7.8 to 500 pg/mL BNDF). The plates were then washed four times and a diluted biotinylated mouse anti-BDNF monoclonal 1:1000) was added to each well and incubated for 3 h at room temperature. After this time, the plates were washed four times and then a diluted streptavidin-HRP conjugate solution was added to each well and incubated at room temperature for 1 h. Wells were washed four times before adding substrate and maintained at room temperature for 15 min before the addition of stop solution. The amount of BDNF was determined at 450 nm and expressed as pmol/mg wet tissue protein.
2.8. Determination of hippocampal S100B levels S100B concentrations were measured using an enzyme linked immunosorbent assay (Diasorin ® S100 ELISA Kit) in a Spectra Max M5 molecular Devices (USA). Calibrators and hippocampal samples (100 L of each) were incubated in a plate already coated with anti-S100B antibody. The S100 ELISA was a two-site, one-step, enzyme linked immunosorbent assay. In the assay calibrators, controls and unknown samples react simultaneously with two solid phase capture antibodies and a detector antibody conjugated with horseradish peroxidase (HRP) during the incubation in the microtiter wells for 2 h. After a washing step a TMB chromogen (Tetramethylbenzidine) was added and the reaction was allowed to proceed for 15 min. The enzyme reaction was stopped by adding stop solution and the absorbance was measured at 450 nm. S100B concentrations were derived by comparison with the calibration curve based on the total absorbance for each given calibrator provided with the assay. All determinations were carried out within the same experiment. The S100B calibration curve is cubic spline up to 5 g/L, and the CVs for duplicates across the entire concentration range for the calibrators and samples were 5%. The detection limit of the assay is 0.03 g/L. The results are expressed as pg/mg wet tissue protein.
Statistical analysis
All results are presented as mean ± S.E.M. Differences between LE and HE in the selection by their exploratory profile in the open field were analyzed using Studentǐs t-test. After the USCS protocol, open field, tail suspension test, sucrose preference, corticosterone, adrenal gland weight, BDNF and S100B levels were analyzed using a two-way ANOVA with group (LE/HE) and treatment (control/USCS) as independent variables. Bonferroni post hoc comparisons were conducted when appropriate. In the novel object recognition test we used three-way ANOVA with groups, treatment and trials as independent variables. The Graphpad Prism 5 and SPSS 17.0 softwares were used and significant differences were considered when P < 0.05.
Results
LE and HE mice phenotypes selection
LE and HE mice were selected in the open field task according to their exploratory behavior. The 20 mice that spent less time in the central area of the arena (16.27 ± 2.04%) were denominated LE group and the top 20 explorers (40.81 ± 1.39%, P < 0.001 compared to LE mice), the HE group (Fig. 1A) . Locomotor activity did not differ between LE and HE groups (Fig. 1B) . * P < 0.05; ** P < 0.001. LE control (n = 11); LEUSCS (n = 9); HE control (n = 10); HEUSCS (n = 10).
Effect of USCS in the OF task
The time spent in the central area was reduced after USCS in both groups (two-way ANOVA for treatment [F(1, 36) = 6.80; P < 0.05], but HE mice exhibited greater exploratory behavior compared to LE mice for both conditions (two-way ANOVA for groups [F(1, 36) = 14.43; P < 0.001]), as shown in Fig. 2A . Locomotor activity was not affected by exposure to USCS (Fig. 2B ).
Novel object recognition task
As a normal behavior, rodents usually spent less time exploring the familiar object during the test session, which implies that they recognized the object presented previously.
Analysis of the discrimination ratio in the novel object recognition test revealed a significant main effect of trials [F(1, 24) = 18.88, P < 0.001] and also a significant effect of groups [F(3, 24) = 3.91, P < 0.05]. Except for LE USCS mice, post hoc analysis showed that all groups of mice recognized the novel object as shown by the difference in the discrimination ratio between training and test sessions: LE control (0.49 ± 0.03 versus 0.61 ± 0.03, P < 0.05), HE control (0.51 ± 0.01 versus 0.62 ± 0.02, P < 0.05) and HE USCS (0.51 ± 0.01 versus 0.66 ± 0.03, P < 0.05). Thus, LE mice were able to recognize the novel object similarly to HE mice, but USCS protocol impaired novel object recognition only in the LE mice (Fig. 3A) .
The time spent exploring the familiar object was evaluated in Fig. 4B and three way ANOVA revealed a significant main effect of trials (F(1,24) = 42.44; P < 0.001). Thus, except for LE USCS mice, all groups spent less time on the familiar object during the test session. Also, the post hoc analysis revealed that the time spent exploring the familiar object was particularly low for HE USCS mice during the test session when compared to its high and low exploratory counterparts (P < 0.001) (Fig. 3B) .
Sucrose preference task
There was no difference between groups in the sucrose intake (LE control : 2.98 mL ± 0.64; LE USCS : 3.26 mL ± 0.19; HE control : 2.41 mL ± 0.17 and HE USCS : 2.71 mL ± 0.36; N.S.). 
Tail suspension
Serum corticosterone levels and adrenal gland weight
Corticosterone serum levels were lower in HE control when compared to LE control group (Fig. 4A (a) , P < 0.05). Also, two-way ANOVA indicated a significant interaction between group and treatment [F(1, 28) = 10.92; P < 0.001] which revealed that USCS had a different effect between HE and LE groups. Also, Bonferroni post hoc showed that corticosterone serum levels significantly increased only in the HE USCS group (Fig. 4A (b) , P < 0.001). Adrenal gland weight values were normalized to body weight. HE USCS mice had significantly higher adrenal gland weight (normalized to body weight) when compared to the HE control mice [F(1, 28) = 9.70; (b), P < 0.01] (Fig. 4B) . Total body weight was not different between groups (LE control : 44.69 g ± 1.08; LE USCS: 42.65 g ± 1.40; HE control : 44.85 g ± 1.19 and HE USCS : 41.91 g ± 1.28; N.S.). As observed, USCS led to increased corticosterone and adrenal gland weight only in the HE mice. Fig. 3 . Novel object recognition task. LE and HE control and USCS mice were evaluated for: (A) discrimination ratio for the training and test sessions and (B) total time spent exploring the familiar object during training and test sessions. Results are presented as mean ± S.E.M. Statistical analysis was performed by Three-way ANOVA with differences between groups, treatment and trials (as independent variables).
* P < 0.05 and ** P < 0.001 differences between training and test session and # P < 0.05 difference between HEUSCS and other groups in the test session. LE control (n = 8); LEUSCS (n = 6); HE control (n = 8); HEUSCS (n = 6). Fig. 4 . Serum corticosterone levels (A) and normalized adrenal gland weight (B) for LE and HE control and USCS mice. Results are presented as mean ± S.E.M. Statistical analysis was performed by Two-way ANOVA followed by Bonferroni post hoc test. ** P < 0.001 between LE and HE groups and (a) P < 0.001 between the LE and HE control groups (A), (b) P < 0.001 between the control and USCS HE groups (A and B). LE control (n = 10); LEUSCS (n = 7); HE control (n = 8); HEUSCS (n = 7).
Fig. 5.
Hippocampal BDNF (A) and S100B (B) levels for LE and HE control and USCS mice. White bars represent the LE and HE control groups and the gray bars represent LE and HE USCS groups. Results are presented as mean ± S.E.M. Statistical analysis was performed by Two-way ANOVA followed by Bonferroni post hoc test. ** P < 0.001 between LE and HE groups and (a) P < 0.05 between LE and HE control groups and (b) P < 0.05 between HE control and HEUSCS. LE control (n = 10); LEUSCS (n = 10); HE control (n = 10); HEUSCS (n = 9).
Hippocampal BDNF and S100B levels
Hippocampal BDNF levels were analyzed by two-way ANOVA that revealed an interaction [F(1, 35) = 5.94; P < 0.05] and groups effects [F(1, 35) = 8.69; P < 0.05] indicating that USCS had a different effect on the BDNF levels between HE and LE groups. Post hoc analysis showed that BDNF levels were significantly increased in HE control mice when compared to LE control and also we observed that HE USCS had diminished BDNF levels when compared to the HE control group (Fig. 5A) .
There was no difference between groups and treatments in S100B levels (Fig. 5B ).
Discussion
Low exploratory (LE) and high exploratory (HE) mice are two distinct phenotypes selected according to their exploratory behavioral patterns in the OF with a central object to stimulate exploration. In the same OF task, both LE and HE groups submitted to USCS exhibited less exploratory activity when compared to the LE and HE control groups, respectively. However, their differences in the natural exploratory behavior remained, since the HE USCS showed higher exploratory activity when compared to LE USCS mice. Moreover, locomotor activity was not different between the LE and HE control and USCS groups, showing that stress specifically affects the exploratory behavior of the central arena or thygmotaxis. In accordance to the results presented here, Dalm et al. demonstrated that stressed mice exhibited a different pattern of exploratory behavior in a circular hole board and also decreased exploratory behavior in their home cages without changes in locomotor activity [6] .
The NOR task is widely employed to evaluate recognition memory since it deals with the animal's natural proclivity to recognize novelty in a familiar context [2, 3, 5] . Our experiments revealed that LE mice subjected to USCS had impaired recognition memory since this group did not discriminate the novel object, whereas HE USCS learned the task. HE USCS showed predominantly a decrease in time of exploration of the familiar object. These findings suggest that HE mice subjected to USCS presented diminished interest for the familiar object in the test session. It is interesting to note that in our previous study characterizing the phenotypes, LE and HE mice presented large differences in the inhibitory avoidance task performance, a task that has an aversive stimulus, and in the Lashley maze using appetitive reward. In the present study, LE and HE control groups had no differences in the NOR task, possibly because this task did not include reward or punishment. Nevertheless, our findings showed that stress differently affected LE and HE groups response to novelty (represented by the novel object in the NOR task), which corroborates the characterization of these two extreme behavioral phenotypes.
Individual characteristics in cellular and hormonal responses to stress may contribute to differences in behavior and vulnerability to psychopathology [9, 12, 13, 17] . In the present study, biochemical analysis revealed that the HE control group showed lower corticosterone serum levels than the LE control group. In the CF1 mice strain used in our study, the basal levels of corticosterone were described to range from 90 to 100 ng/mL [10] . In our study, corticosterone levels were 165 ng/mL in LE control and 60 ng/mL in HE control . Therefore, we hypothesize that high baseline corticosterone levels in LE mice may preclude detecting any rise in its levels following exposure to stress, which would explain the lack of change in corticosterone levels after USCS. In contrast, the HE group exhibited low levels of corticosterone under control conditions but were very responsive to stress, showing a significant increase in corticosterone levels when submitted to USCS. Similar results were described in rats exhibiting high or low rates of locomotor activity when exposed to a novel environment [28] . The high responder (HR) group exhibited a significant increase in stress-induced secretion of serum corticosterone after exposure to a novel environment relative to their low responders (LR) group counterparts, but differently from our study, stress was acute [27, 29] . These HR rats not only were more active when exposed to a novel environment but also preferred novel and aversive situations compared to LR rats. From the neuroendocrine standpoint, it was suggested that HR rats engaged in these behaviors not necessarily because they find them less stressful, but as a response to the activation of limbic-hypothalamo-pituitary adrenal axis (HPA) [9, 17, 28] . In addition, some studies showed that individuals exposed to chronic stress can either habituate or respond with a sustained overactivation of the HPA axis in pathological conditions [12, 17, 25] .
Several studies have been performed to evaluate the effect of stress on brain BDNF levels [21, 24, 33, 34] . Severe stress protocols, such as daily immobilization stress, showed a noticeable decrease of BDNF levels in the hippocampus [21, 25] . However, it should be considered that these protocols of severe stress have limited validity with regard to the human daily situation. In contrast, another study demonstrated that chronic unpredictable stress increased BDNF mRNA expression in the hippocampus, possibly reflecting an adaptive protective response to the unpredictable stressors [21] . In the present study we demonstrated that HE control mice have higher levels of hippocampal BDNF when compared to the LE control mice. However, USCS reduced hippocampal BDNF levels in HE but not in LE mice. One possible explanation for the lack of reduction in BDNF levels in LE mice after stress is a "floor effect", but additional studies with more prolonged or severe stress protocols are necessary to clarify this issue.
In agreement with our study, Schaaf et al. [33] described that stress induced elevation of GCs was accompanied by reduced expression of BDNF. Also, stress was able to decrease BDNF in the dentate gyrus in the absence of glucocorticoids, suggesting that corticosterone feedback is not necessarily matched with the observed decrease on BDNF expression caused by stress. Thus, changes in corticosterone and BDNF observed here may not be correlated with behavior since even HE submitted to USCS had good performance in a memory task despite presenting diminished levels of BDNF. The effect of GCs enhancing memory consolidation [1] may explain the adequate cognitive performance of HE even after USCS. Finally, LE showed impaired NOR performance despite no observable changes in serum corticosterone or neurotrophins, suggesting other neurobiological correlates for this behavioral change.
The chronic unpredictable stress can also be used to model depression. To evaluate the possible interference of depressive behavior as helplessness or anhedonia in our relatively short protocol we performed the tail suspension and sucrose intake experiments. The results showed that LE and HE mice subjected to USCS did not exhibit substantial depressive behavior as measured with these classical parameters, so the OF and NOR task results are due to USCS without a clear mood impairment. These data also suggest that stress can reduce brain BDNF levels and affect cognition before the development of changes in helplessness and anhedonia.
The brain levels of the glial neurotrophin S100B were not different under normal or stressful conditions in the LE and HE mice. Moreover, restraint stress increased serum S100B levels in control and in adrenalectomized but not in corticosterone-injected rats, indicating a GCs-independent relationship between stress and S100B [32] . It is likely that the differences observed in the literature and in the results described here in S100B levels are a consequence of the nature of the stress protocol employed, the strain and age of the animals and also which kind of samples were analyzed.
In conclusion, these results suggest that individual differences in exploratory behavior in rodents from the same strain influence cognitive and biochemical response to stress. We also found that exploratory behavior is associated with higher hippocampal BDNF levels and those changes in cognition and neurotrophic levels seem to precede the development of a clear depressive state in the USCS model. Therefore, such individual differences should be taken into account in order to improve our understanding of the neurobiology of behavior under normal and pathological conditions.
